Nitrogen is the dominant impurity in the majority of natural and synthetic diamonds, and the family of nitrogen vacancy-type (N n V) defects are crucial in our understanding of defect dynamics in these diamonds. A significant gap is the lack of positive identification of N 2 V − , the dominant charge state of N 2 V in diamond that contains a significant concentration of electron donors. In this paper we employ isotopically-enriched diamond to identify the EPR spectrum associated with 15 N 2 V − and use the derived spin Hamiltonian parameters to identify 14 N 2 V − in a natural isotopic abundance sample. The electronic wavefunction of the N 2 V − ground state and previous lack of identification is discussed. The N 2 V − EPR spectrum intensity is shown to correlate with H2 optical absorption over an order of magnitude in concentration.
I. INTRODUCTION
Nitrogen is the most common impurity found in most natural and synthetic dia- 
N3
(2.985 eV) 10 and B-center (infrared absorption band) optical bands that have been extensively studied.
11-14
A notable void in the understanding of N n V-type complexes is the lack of identification of N 2 V − (see figure 1a ): a number of candidate optical and paramagnetic signatures have been postulated, 15, 16 the most promising of which is the optical H2 band, however no conclusive identification has been made of the defect by EPR.
The H2 optical band was first reported in 1956 as a broad absorption feature observed after irradiation and annealing of natural diamond.
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At 80 K, H2 is observed in both luminescence and absorption with a ZPL at 1.257 eV and an accompanying vibronic band. Uniaxial stress measurements of the H2 ZPL assigned a symmetry of C 2v , 15 while photochromism charge balance studies suggest that the defect is the negative charge state of the H3 optical defect.
19
The assignment of H2 and H3 to different charge states of the same defect presents ), but has not been observed.
15
One candidate EPR spectrum has been tentatively attributed to N 2 V − , but the given spin Hamiltonian parameters are a poor fit to the limited experimental data. 
II. SYNTHESIS OF ISOTOPICALLY ENRICHED DIAMOND
Isotopic enrichment is a well-established technique in the study of defects in diamond: nitrogen enrichment has been employed for over 30 years; can be produced.
The sample used in this study was annealed using the above protocol: it first underwent high temperature ( 1900 the sample was notably photochromic and hence concentrations were subject to recent sample history. An NIR-visible absorption spectrum of the sample is given in figure 2a. 
IV. RESULTS
A C 2v defect such as N 2 V may be aligned along one of six equivalent orientations, each defined by its principal {1 1 0} plane (see Supplemental Material for illustrations of different orientations; all following directions are for the orientation given in figure 1a) . We expect the g-tensor to be anisotropic with principal directions along In the simple case, the hyperfine interaction can be described as the sum of an isotropic component arising from non-zero spin density at the nucleus (Fermi contact), and an anisotropic dipole-dipole component. Typically the sign of the interaction is ambiguous: here, the sign of the 14 N and thus 15 N hyperfine was determined using knowledge of the sign of the quadrupole interaction (section V C).
The isotropic component a = (A 1 + A 2 + A 3 )/3 = +4.02 MHz (see table I ) is small and opposite in sign to that expected for a negative nuclear magnetic moment.
This implies a negative unpaired electron probability density at the nitrogen nucleus, and hence indicates an indirect interaction (configuration interaction, exchange polarization): The unpaired electron wavefunction Ψ j may written as a summation over all atoms where the unpaired electron probability density is non-zero:
For carbon and nitrogen atoms in diamond, each atomic wavefunction ψ n consists of contributions from s-and p-type wavefunctions, with
Using standard tables and methods for hyperfine interpretation, The calculations above are consistent with one another and form a complete picture: the unpaired electron probability density is highly localized on the two carbon atoms, and the nitrogen interaction is weak due to virtually zero local unpaired electron probability density. Approximately 85 % of the unpaired electron probability density can be accounted for by the two carbon atoms nearest-neighbor to the va-
. This is very similar to the NV − system, where 84 % of the electron spin density can be accounted for by the three nearest-neighbor carbons,
27
with an sp-hybridization ratio of λ 2 = 6.2(2) versus 5.6(2) here; these values suggest that the relaxation of the carbons away from the vacancy is similar in both defects.
As discussed in the introduction, 14 
31
Additionally, following other nitrogen-and vacancy-containing defects in diamond, the quadrupolar interaction can be assumed to be aligned along 1 1 1 .
An HPHT synthetic sample with natural nitrogen isotope abundance was prepared using the treatment procedure described in §III; subsequent measurements recorded The corresponding defect has C 2v symmetry. A full description of the unpaired electron probability density localization has been proposed and is entirely consistent with all expected electronic and spectral attributes of N 2 V − , a rhombic defect in the N n V family of diamond defects. The vast majority of unpaired electron probability density in the defect is distributed over the nearest-neighbor carbon atoms of the vacancy, as is the case in other vacancy-type defects in diamond.
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The fitted spin Hamiltonian parameters were employed to identify the correspond- 
